Background: Despite the potential widespread application and a significant need, the policy effectiveness of prescribed medications price controls has not been studied extensively. We aimed to explore the effects of a price cut introduced in April 1st of 2012 on the cost and utilization of antidiabetics in South Korea.
Background
In many countries, healthcare authorities face challenges in containing expenditure on pharmaceuticals [1] [2] [3] [4] . Governments are exploring more cost-effective strategies in regulating pharmaceuticals in a world of finite resources [5] . On the other hand, the "growing need for evidencebased healthcare" is leading to an increased demand for evidence that demonstrates the value of policies to governments [6] [7] [8] . In order to meet such societal goals, drug policies continue to evolve and are becoming increasingly complex [2, [9] [10] [11] [12] [13] .
Along with cost-sharing schedules, price control policies are one of the most conventional strategies in drug policies [12, 14] . There is abundant evidence available for costsharing policies compared to price control strategies. Cost-sharing schemes have reduced drug expenditure by controlling public demand for pharmaceuticals [10, 15, 16] . However, obviously, excessive suppression of pharmaceutical use results in unwanted consequences in vulnerable populations (e.g., elderly, low income households). Reported consequences include an increase in institutionalization [17] , emergency room visits [18] , and physician visits [19] , which imply the exacerbation of patient conditions and a decline in using essential medications [20] , leading patients to suffer from more serious conditions.
Contrary to cost-sharing schemes, price control strategies work on the supply side of the pharmaceutical market, and as such, the pharmaceutical industry is the main stakeholder affected [13, 21] . Under price control strategies, governments set price limits, profit limits, and mark-up limits to restrain the industry from exploiting their monopolistic position in pricing [14] . Authorities in countries such as the United Kingdom, United States, France, and Italy negotiate pharmaceutical prices with the industry through strategies like price-volume agreements or risk-sharing schemes [22, 23] . At a national level, the United States is a unique market that allows the industry to set their price based primarily on the principle of market competition.
Guillen and Cabiedes [1] argued that the industry seemed to be extremely successful in seeking "escape valves" by selling more products and/or selling premium products. Thus, it is crucial to study how pricing policies work [24] . Despite the potential widespread application and a significant need, the policy effectiveness of price controls has not been studied extensively. Pertinent policy studies are surprisingly limited and existing evidence is mainly around how reference pricing works [15, 25, 26] . Lee et al. [15] systematically reviewed studies on pharmaceutical policies over the past 30 years and found 25 studies that examined price controls using robust scientific methods. Of those, sixteen studies explored reference pricing programs and only nine studies explored other types of pricing programs. Of the nine studies, a single study from Ireland reported significant savings in expenditure after a reduction in the wholesale margin. Cochrane's updated review only found two policy studies on maximum prices or index pricing and concluded uncertainty in the effect of pricing policies "due to sparse evidence" [26] .
The purpose of this study is to explore the impact of a direct price cut on pharmaceutical costs, utilization, and any consequences that possibly compromised the public health in South Korea, where a price cut schedule was implemented in April 2012. With this new policy, the Korean government aimed to contain pharmaceutical costs with few changes in the patients' utilization of pharmaceuticals, and thus, without compromising public health. The price cut was also expected to improve health disparities by lowering the price of medications which became more affordable to those at the margins of society with limited ability to access medications. Our study focuses on antidiabetics, which is a medication used for diabetes, a chronic disease, and examines the impacts of the policy for over one year after policy implementation.
Methods

Policy intervention and study design
Since 2006, Korea has had a drug pricing system in which the prices for original pharmaceuticals declines to 80% of the on-patent prices when the patent expires. Prices for generics were set to 90% of off-patent prices and varied depending on when they entered the market; the earlier they entered, the higher the price. In April 1st of 2012, the government introduced a new pricing system, known as the "Single Price System (SPS)." Prices for offpatents were reduced from 80 to 70% of the on-patent prices, and generics were uniformly priced at 85% of their off-patent counterparts (equivalent to 59.5% of the on-patent price). One year after the expiration of patents, all pharmaceuticals including off-patents and their generics were priced at 53.55% of the on-patent prices [27] . We used an interrupted time series design to test the impact of the SPS on the cost and utilization of antidiabetics. We built a time series for each of the outcome variables over 54 months (4.5 years) between January 2009 and June 2013. The intervention policy occurred at the 40th month, and there were 15 months in the post-intervention period.
Data source and population
We examined the administrative National Health Insurance (NHI) claims databases of the Health Insurance Review & Assessment Service (HIRA) to identify the study population. The Korean healthcare system is composed of a mandatory social insurance plan, the NHI, and a medical aid program (Medical Aid, MedAid) that provides additional benefits to low income households. Since 2000, the two national health plans have covered the entire population-about 97% by the NHI and 3% by MedAid [28] . Since Korea has a mandatory health security system for national health insurance, the NHI claims that the database contains all medical and prescription drug claims records for the entire population in Korea.
Subjects for this study are adult beneficiaries (≥20 years old) covered by either NHI or MedAid who had at least one claim with the diagnosis of diabetes mellitus in an outpatient setting during the reference period between January 1, 2010 and December 31, 2012. The subject included in the study were cases with Type 2 Diabetes Mellitus as diagnosis using the codes of E11 (non-insulindependent diabetes mellitus) or E14 (unspecified diabetes mellitus excluding insuline-dependent diabetes mellitus, etc.) in the 6th Korean Standard Classification of Diseases and Causes of Death, an official Korean version of the 10th version of the International Classification of Diseases (ICD-10) [29] . After specifying the study population, we established a dataset composed of the study subjects' medical and drug claims between January 1, 2009 and June 31, 2013.
Identification and classification of antidiabetics
We defined antidiabetics as medications in the WHO Anatomic Therapeutic Chemical (ATC) group A10. To identify A10 medications from the claims, we used the Korean National Drug Classification system and searched for the drug group "396" which corresponds to the ATC group A10 [30] . We identified 104 insurance codes of active ingredients for antidiabetics from the Korean drug benefits list and finally included 97 codes by eliminating seven which were deleted before January 2008 from the benefit list. Of those, we found 32 ingredients that had their prices cut by the SPS in April 2012 and grouped these as "antidiabetics with reduced price (antidiabetics p-cut )." The rest of the antidiabetics were grouped as "antidiabetics with constant price (antidiabetics p-keep )."
Outcome measures
Primary outcomes were the monthly cost and utilization of antidiabetics after the price cut. Secondary outcomes were individual cost, utilization of antidiabetics, and incidents of medical and surgical procedures for diabetic complications in the study sample. Each measure was operationally defined as in Table 1 .
Statistical analysis
We present descriptive statistics for all variables. We measured annual growth rates in incidents of medical and surgical procedures relating to diabetic complications, including diabetic retinopathy, diabetic cataract, diabetic nephropathy, cardiovascular complications, and diabetic foot lesions. We examined the time-series data of interests graphically and established segmented regression models to assess statistical significance of the policy effects. We measured policy effects as a change in the slope and level of the time series [31] . In the time series analysis, any change in the slope indicates a long term effect of the policy, and any change in the level stands for an abrupt effect of the policy. We used the Durbin-Watson test to assess serial correlation and estimated the regression coefficients with either an ordinary least squares (OLS) or a first order autocorrelation maximum likelihood estimate (AR) depending on the significance of serial correlations [32] . Using the SAS autoregression procedure, outcome variables were analyzed by time series methods. The final model for each time series was selected based on the minimum Akaike Information Criterion score [33] . We carried out residual analyses based on autocorrelation plots and partial autocorrelation plots. Assessed models were chosen from those that resulted in residuals that were not significantly different from white noise.
Through repeated model specifications, we were able to build the final model for the time series of interest as below.
Where Y t is the outcome variable (as defined in "Outcome measures") in month t; time is a continuous variable Incidents of medical and surgical procedures relating to diabetic complications
• Diabetic retinopathy including 3 procedures (panretinal photocoagulation, and vitrectomy)
• Diabetic cataract including 4 procedures (extracapsular or intracapsular extraction, pars plana lensectomy, phacoemulsification, and surgery after cataract)
• Diabetic nephropathy including 20 procedures (e.g., AV shunt, fistula formation or various intravenous catheter insertions for hemodialysis, kidney transplant)
• Cardiovascular complications of diabetics including 15 procedures (e.g., percutaneous coronary intervention, coronary artery bypass grafting)
• Diabetic foot lesions including 31 procedures (e.g., limb amputation, atherectomy) a Cost in Korean won, KRW (1 US dollar ≒ 1000 KRW); DDD = defined daily dose (In the case of pharmaceutical items without DDD information, for example, combinations of oral blood glucose lowering drugs (A10BD), we divided the total quantity consumed by the standard daily dosage designated for adults in the Korean official labels to compute total DDDs for that item) [34] . This variable was introduced for covariate control since there is a possibility of its influence on pharmaceutical costs through changing prescribing behavior. The February variable is a dummy variable indicating whether the data is from February of each year. February has less days than other months so pharmaceutical utilization was observed to be low, and thus there was a need to control its influence on the estimation. We performed the analyses in SAS 9.4 (SAS Institute Inc., Cary, NC, USA). We determined statistical significance at p≤0.05.
Results
Study population demographics and descriptive summary of the data Table 2 gives an overview of the study population. Approximately four million beneficiaries were identified as being diagnosed with diabetes mellitus, and had at least one claim during the index period. The study cohort was comprised of 53-54% women and 92% National Health Insurance beneficiaries (8% Medical Aid). The mean age of the cohort 
Effects on the cost of antidiabetics
During the baseline period until the SPS, monthly average spending on antidiabetics p-cut was stable at 24-25 billion KRW, but dropped by 28% to 18 billion KRW after the scheme ( Table 2 ). In the regression model, a 4.8 billion KRW drop in level (p < 0.001) and a 0.02 billion KRW insignificant drop in slope were estimated (Table 3) . In contrast, spending on antidiabetics p-keep rose steeply by 42% from 12 to 17 billion KRW per month during the year after the SPS scheme, compared to a 19-20% increase during the baseline period ( Table 2) . A slope for the time series of antidiabetics p-keep costs was increased from 0.28 to 0.49 billion KRW per month after the scheme was implemented (β 5 = 0.211, p < 0.001, Table 3 ).
Collectively, the overall cost of antidiabetics was immediately reduced by 4.4 billion KRW in the month that the new pricing began, but showed a rising trend from 0.16 to 0.35 billion KRW per month afterwards (both p < 0.01, Table 3 ). Figure 1 shows the outcome measures for (a) cost of overall antidiabetics, (b) cost of antidiabetics with reduced prices (antidiabetics p-cut ), and (c) cost of antidiabetics with constant prices (antidiabetics p-keep ) along with each of the forecasted series with 95% confidence intervals. The segmented regression models suggest that the cost spent on overall antidiabetics and antidiabetics p-cut would drop by 6 and 23%, respectively, in a year after the new pricing, compared to if the policy were not in existence. At the end point of the data period (the 15th month after the introduction of the policy), the rate of the decline was larger; 9% for overall antidiabetics (monthly average = 7%) and 27% for antidiabetics p-cut (monthly average = 21%). In contrast, cost of antidiabetics p-keep would rise by 16% in a year after the new pricing, compared to if the policy were not in existence. The rate of growth faded to 13% at the 15th month after the new pricing (monthly average = 13%).
Effects on the utilization of antidiabetics
Overall antidiabetic use was not significantly affected by the price cut, but changes seen in antidiabetics p-cut and antidiabetics p-keep were the opposite. After the scheme was introduced, the increasing trends in the time series of antidiabetics p-cut was reversed from 0.042 to − 0.298 million DDDs per month (β 5 = − 0.340, p < 0.01; Table 3) , and the increasing trends of the time series of antidiabetics p-keep increased from 0.395 to 0.615 million DDDs per month (β 5 = 0.220, p < 0.001; Table 3 ). The slope of the time series of the number of patients prescribed antidiabetics p-cut was overturned from 5441 to − 2082 persons per month after the introduction of the scheme (β 5 = − 7523, p < 0.001; Table 3 ). The slope of the number of patients in antidiabetics p-keep increased from 8027 to 13,016 persons per month (β 5 = 4989, p < 0.001; Table 3 ). The segmented regression model suggests that the DDD utilization of overall antidiabetics and antidiabetics p-cut would drop by 3 and 8% respectively in a year after the new pricing, compared to if the policy were not in existence. At the end point of the data period (the 15th month after the introduction of the policy), the rate of decline was larger; 8% for overall antidiabetics and 14% for antidiabetics p-cut . The segmented regression model suggests that the utilization of antidiabetics p-keep would rise by 12% in a year after the new pricing, compared to if the policy were not in existence (monthly average = 2 and 5% respectively). The growth faded to 8% at the 15th month after the new pricing (monthly average = 9%).
Effects on the cost and use of individual patients
After the SPS scheme, cost per patient for overall antidiabetics and antidiabetics p-cut showed a significant and immediate reduction by 3380 and 3670 KRW, respectively (both p < 0.001). Cost per patient for overall antidiabetics switched to an increasing trend from − 2.1 to 104.8 KRW per month. The decreasing rate of cost per patient for antidiabetics p-cut slowed down from − 174.8 to − 94.1 KRW per month. The changes per patient cost of antidiabetics p-keep were found to be insignificant both in the level and the slope (p > 0.1; Table 3 ).
On a per patient basis, a 1.4 DDD drop was seen in antidiabetics p-cut in the month when the new pricing was introduced (p < 0.05; Table 3 ). Besides this, no major changes were observed in the slope for the individual use of antidiabetics p-cut , or in the level and slope of overall antidiabetics or antidiabetics p-keep (p > 0.1; Table 3 ).
Incidents of medical and surgical procedures relating to diabetic complications Table 4 displays the changes in monthly incidents of diabetes-induced medical and surgical procedures during the study period. The annual growth rate after the new pricing were 3-7% lower than those in the baseline period in all procedures that were examined.
Discussion
The Korean government introduced the SPS, a direct price cut schedule in pharmaceutical pricing to contain pharmaceutical expenditure without causing any major negative changes in public health. Through analyzing the claims data, we found that a direct price cut contained costs during the study period by bringing an immediate cost reduction in the targeted pharmaceuticals. Additionally, we discovered that incidents of medical and surgical procedures relating to diabetic complications were unaffected or marginally reduced, suggesting the absence of any major effects on individual clinical outcomes during the study period. As individual utilization was only affected momentarily when the price of pharmaceuticals was reduced by the pricing policy, we cautiously expect few consequences in the long run, beyond the study period.
The savings was, however, expected to be offset by a prescription shift from reduced price pharmaceuticals (targeted) to constant price pharmaceuticals (non-targeted) in the long run. This was because antidiabetics with constant prices mostly included on-patent products with higher prices than the targeted antidiabetics, or new pharmaceutical entities uninfluenced by the new pricing policy. Similar phenomena had been observed in the case of antihyperlipidemic agents in Korea [35] . Extensive price cuts between 2008 and 2010 did not effectively contain the growth of pharmaceutical expenditures due to several factors, including the increased use of expensive drugs. Antihyperlipidemic agents without the price cuts showed increased expenditure and volume trends, which was also observed in antidiabetic agents in our analysis. Han et al. [36] also found that the price cut in antibiotics reduced pharmaceutical expenditures immediately, but the effect faded over the long run. Another study found that the price cut policy decreased expenditures of antihypertensive drugs, though the effect faded out over time [37] . The authors suggested that this might be because clinicians switched to pharmaceuticals with a constant price, which led to an unintended impact of increased drug utilization. The phenomenon of prescription shift from targeted to non-targeted products was in line with the results reported by Hsu et al. [38] . A shift of expenditure and utilization from "targeted" to "non-targeted" oral antidiabetics was seen after a reduction in drug reimbursement in Taiwan. Rationally, few economic motivations exist for prescribers or dispensers to move from pharmaceuticals with reduced prices to those with constant prices in Korea. This is because the Korean government has not allowed any mark-up profits for healthcare providers in prescription pharmaceuticals since 1999, and healthcare providers have been rewarded only through service fees [27] . Pharmacies are separate facilities from clinical offices and physicians have no financial interests in pharmacies or pharmaceutical affairs. Physicians write a prescription, then patients are free to take the prescription to any pharmacy. Thus, in theory, pharmaceutical companies hardly influence health providers' choices.
Notwithstanding, our study uncovered prescription shifts, which suggests that pharmaceutical companies reacted to the SPS with economic motives for profits. Pharmaceutical companies might have influenced health providers' choices by replacing their reduced price products with other products outside of the range of the new pricing regulation. Of the 97 antidiabetic ingredients included in our analysis, eleven ingredients were introduced into the market just after the policy was introduced, and those eleven rapidly grew in cost by 20% per month between August 2012 and June 2013 based on our data. Pharmaceutical companies might have intensified marketing activities, which may have possibly affected healthcare providers' prescription behavior towards constant price products. Meanwhile, the price difference between the reduced and the constant price products may not have been large enough for patients to stay with products with reduced prices when a healthcare provider suggested switching to a new one with a constant price.
Prescription shifts after the implementation of the SPS imply that the price cut for pharmaceuticals alone is not effective in controlling pharmaceutical expenditures in the long-run. Controlling pharmaceutical expenditures without sacrificing quality of care and adverse health outcomes requires other options such as additional cost control mechanisms on the demand side (i.e., tiered-benefit design, drug budget control [15] , or more innovative programs such as value-based pricing).
To the best of our knowledge, this is the first study that measured the effects of the SPS on the cost and utilization of antidiabetic drugs and diabetic-induced medical and surgical procedure incidents through a rigorous quasi-experimental design. Unlike a previous study that examined the costs and utilization of antihypertensives with sample data that accounted for 1% of the Korean population [37] , this study used the entire claims database. The Korean Diabetes Association [39] reported that the prevalence of diabetes was 10.1% in 2010, and about 3.2 million Koreans age 30 and above have diabetes. Another 3 million Koreans are at a prediabetic stage. Our cohort included about 4 million patients, which enclosed a comprehensive number of patients that was taking antidiabetics during the study period. In addition, different from Han et al. [36] that examined the impacts of the SPS on antibiotics during the nine months after policy implementation, we included data with a range of over a year, allowing us to control for seasonality factors, if any. Because pharmaceutical utilization can be seasonal, it is important to include data covering the whole year and test seasonality for the internal validity of the study [31] .
However, there are some limitations to our study. We included claims from five major types of medical institutions (clinics, nursing homes, teaching hospitals, general hospitals, and other hospitals) and excluded those from dental hospitals/clinics, public healthcare centers, and herbal hospitals/clinics. Dental and herbal medical institutions were excluded because they were irrelevant in caring for diabetic patients. Public healthcare centers were excluded because they accounted for only a small portion of medical expenses, and healthcare providers were reimbursed in a different way from the institutions we examined. The five major types of medical institutions spent 81% of medical expenses for outpatient care in 2013 [28] . Thus, we expect that the excluded data may have limited the accuracy of our analysis but with only minor influence. We employed surrogate endpoints such as incidents of medical and surgical procedures to measure diabetic complications rather than examined clinical endpoints. This is an inherent limitation of the administrative claims data although we tried to include an exhaustive list of procedures related with diabetic complications. Patient level data investigation with clinical information will be necessary before concluding the effects of the SPS on public health.
Conclusions
A direct price cut policy, the Single Price System (SPS), contained costs in the Korean pharmaceutical market for antidiabetics for a short period by bringing an immediate cost reduction in targeted pharmaceuticals. The saving was expected to be compensated by a prescription shift from reduced price pharmaceuticals to constant price pharmaceuticals in the long run. Trends of individual cost or utilization of antidiabetics were not significantly affected by the new policy. The effect of SPS was not evident to change rates of incidents of medical and surgical procedures. However, further research using clinical information is needed to conclude the clinical effect of SPS in patients with diabetes. 
